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Description 



PERMANENT MAGNET BRAKING SYSTEM 



5 Cro ^s-Reference 

This application is a continuation-in-part of my copending application 
Serial No. 08/546,066, filed October 20, 1995, which is a continuation of the 
application issued as Patent No. 5,477,094 issued December 19, 1995, which is a 
continuation-in-part of the application issued as Patent No. 5,477,093 issued 
10 December 19, 1995. 

Technical Field 

This invention relates to braking systems for braking one of the rotors 
in a permanent magnet drive system of the general type shown in my Patent No. 
15 5,447,094. 



Background of the Invention 

In my Patent No. 5,473,209 there is disclosed a permanent magnet 
braking system for a shaft having a magnet rotor thereon which co-acts with one or 
20 two non-rotary electro-conductive members which can be adjusted in a direction 
axially of the shaft to vary the air gap between the magnet rotor and the electro- 
conductive member(s). When the air gap is narrowed a braking effect occurs. 

A need has arisen for an alternative permanent magnet braking system 
which does not operate by varying the width of the air gap. 

25 

Summary of the Invention 

The brake of the present invention operates in conjunction with a 
conductor rotor having a pair of electroconductive rings spaced apart axially of the 
rotor. The brake presents a pair of non-rotary magnet carrying shoes each extending 
30 laterally from a respective laterally movable beam which is parallel to the rotary axis of 
the conductor rotor. Outward movement of the beams from a retracted inactive 
position places sets of permanent magnets on the shoes between a pair of the 



WO 97/35377 



2 



PCI7US97/03949 



electroconductive rings and spaced therefrom by air gaps. As a result the magnetic 
flux emanating from the magnets is intersected by the rotating electroconductive rings 
and eddy currents are created therein. Consequently the rotational speed of the 
conductor rotor is retarded. The amount of retardation can be varied by varying the 
5 amount of overlap of the magnets by the electroconductive rings, and namely by 
varying the outward extension of the magnet carrying shoes by the beams as by 
pneumatic cylinders. 

TWf npsr.ri ptior of the Drawings 
10 Fig. 1 is a longitudinal horizontal sectional view of a braking system 

embodying the invention and with the brake being shown in an "off position; 

Fig.2 is a transverse sectional view taken as indicated by line 2-2 in Fig 

1; 

Fig. 3 is a sectional view corresponding to Fig 1 , but with the brake 

1 5 being shown in a fully "on" position; and 

Fig. 4 is a transverse sectional view taken as indicated by line 4-4 in 

Fig. 3 and with parts broken away. 

n ailed Description of th e Invention 
20 Referring to the drawings, shafts 10-11 are connected by couplings 1 2- 

13 to a magnet rotor unit 14 and conductor rotor unit 15 The conductor rotor unit 
presents two axially spaced flat rings (continuous bands) 16-17 having good 
electroconductive characteristics such, for example, as copper or aluminum. These 
rings 16-17 have ferrous backing rings 18-19, preferably of mild steel The ferrous 
25 backing 18-19 for the electroconductive nngs 16-17, and the electroconductive rings 
16-17, are mounted on a support ring 15a and a support plate 15b having a hub 15c 
receiving the coupling 13 Spacers in the form of sleeves 22 separate the members 
15a- 15b and they are held by bolts 23 passing through the sleeves and the members 
15a- 15b. 

30 The support members 1 5a- 1 5b are formed with like annular recesses of 

a thickness to receive respective of the backing rings 18-19 and electroconductive 
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rings 16-17 in stacked relation. It is preferred to have the mouth of the recesses 
countersunk with a pattern of indentations matching lobes 24 provided on an 
expanded outer border portion of the electroconductive rings 16-17 which extends 
beyond the outer marginal edge of the backing 18-19. Mounting screws extend 
5 through holes 24a in the lobes 24 into the support members 1 5a- 1 5b. 

Acting in concert with the conductor rotor 1 5 is a pair of magnet shoes 
40-40. The shoe 40 has, for example, three magnet sets 42 mounted in rectangular 
through openings 43 in the shoe. Each magnet set 42 has a pair of permanent magnets 
42a, 42b arranged with their polarities reversed relative to one another. 
10 The shoes 40-40' are mounted on beams 44-44' which are parallel to 

and diametrically opposite from the rotary axis of the shaft 1 1 The beams 44-44' are 
selectively moved toward and away from the rotary axis by operation of pneumatic 
cylinders 46-46' acting against respective cross-members 48-48' each of which 
interconnects a respective pair of guide rods 50-51 and 50'-51\ These guide rods 
1 5 extend through linear bearings 52 mounted together with the inner end of the cylinders 
46-46' on a suitable rigid frame (not shown). 

Referring to Fig. 4 it is seen that the magnet sets 42 in each shoe 40-40' 
are arranged in an arc which corresponds to the curvature of the electroconductive 
rings 16-17. When the shoes are extended to a fully "on" condition of the brake (Figs. 
20 3-4), the longitudinal side faces of the magnets in each set 42 which face one another 
define a neutral plane 42' therebetween which extends radially from the rotary axis 54 
of the shaft 1 1 for maximum performance of the magnets 

When the cylinder s46-46' are in a retracted condition the magnet 
carrying shoes 40-41' are retracted toward one another to an "off' position where the 
25 magnet sets 42 are withdrawn from between the electroconductive rings 16-17 (Figs. 
1-2). When the brake is to be applied the cylinders 46-46* are energized to extend the 
cylinder rods 46a-46a' and push the cross-members 48-48' outwardly. Control of the 
cylinders 46-46' can be performed by a control system coupled to a suitable 
compressed air supply as well known in the pneumatic control art and as shown, for 
30 example, in Patent No. 5,473,209 When the cross-members 48-48' move outwardly 
the pairs of guide rods 50-51 and SO'-Sl* are pulled outwardly through the linear 
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bearings 52, thereby moving the beams 44-44* and shoes 40-40' outwardly so that the 
sets of magnets 42 move between the rotating electroconductive rings 16-17. As this 
movement occurs, eddy currents are induced in the rings 16-17 by the magnetic fields 
of the magnets. As a consequence rotation of the conductor 1 5 is progressively 

5 retarded with outward advancement of the shoes 40-40* increasing exposure of the 
magnet sets 42 to the rings 16017. 

It will be understood that the conductor rotor 16 may have an 
additional pair of electroconductive rings mounted on the outer side of the mounting 
ring 18 and an additional mounting ring spaced therefrom by additional spacers 22 and 

10 carried on longer tie bolts 23. When that is done additional magnet carrying shoes can 
be mounted on the beams 44-44' to interact with the additional pair of 

electroconductive rings. 

The parts 15a, 22, 15b and 15c of the conductor rotor 15, and the 
shoes 40-40' and beams 44-44* are preferably made of a suitable aluminum alloy. 
15 From the foregoing it will be appreciated that, although specific 

embodiments of the invention have been described herein for purposes of illustration, 
various modifications may be made without deviating from the spirit and scope of the 
invention. Accordingly, the invention is not limited except as by the appended claims 
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Claims 

1 . A braking system comprising: 

a conductor rotor having a rotary axis and two axially spaced electroconductive 

rings; 

a non-rotating braking shoe presenting permanent magnets each with its poles 
facing in opposite axial directions; and 

means for selectively moving said shoe between a brake-ofF position not 
between said rings and a brake-on position between said rings for inducing eddy currents in 
the rings when the conductor rotor is rotating. 

2. A braking system according to claim 1 in which there are a pair of said 
shoes positioned diametrically opposite one another relative to said axis 

3. A braking system according to claim 1 in which said shoe has multiple 
magnets occupying an arc corresponding generally to the curvature of said rings 

4. A braking system according to claim 1 in which said shoe is mounted 
on a member which is parallel to said axis and is spaced inwardly toward said axis from said 
rings, said means including a mechanism for selectively moving said member outwardly toward 
said rings and inwardly toward said axis. 

5. A braking system according to claim 1 in which the movement of said 
shoe between brake-off and brake-on positions is along a linear path perpendicular to said 
axis. 

6. A braking system according to claim 1 in which said rings are backed 
with mold steel bands and are mounted in aluminum members. 
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7 A braking system according to claim 4 in which said member is rigidly 
mounted on a pair of guide rods slideabiy mounted in stationary bearings. 



WO 97/35377 



PCT/US97/03949 



1/2 




Fig. 2 

SUBSTITUTE SHEET (RULE 26) 



WO 97/35377 



PCT/US97/03949 



2/2 



50. 



R 

r 

/ 




■40 



^44 




SI 



15 

1 



40'- 
44 L 




Fig. 3 



/ 




J 

/ 

r 

k 



50' 
1* 



\ 



46' 



51' 




Fig. 4 

SUBSTITUTE SHEET (RULE 26) 



INTERNATIONAL SEARCH REPORT 


International Application No 

PCT/US 97/03949 


A. CLASSIFICATION OF SUBJECT MATTER 

IPC 6 H02K49/04 




According to International Patent Classifi cation (IPC) or to both national classification and IPC 




B. FIELDS SEARCHED 


Minimum documentauon searched (classification system followed by classification symbols) 

IPC 6 H02K 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 



Electronic data base consulted during the international search (name of data base and, where practical, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category * 


Citation of document, with indication, where appropriate, of the relevant passages 


Relevant to claim No. 


X 
Y 
A 

Y 
Y 


DE 934 296 C (BAERMANN) 20 October 1955 

see the whole document 

PATENT ABSTRACTS OF JAPAN 

vol. 009, no. 018 (M-353), 25 January 1985 

& JP 59 164424 A (MAGUNE KK) , 17 

September 1984, 

see abstract 

FR 1 505 384 A (Ml JNHARDT) 22 February 
1968 

see page 2, right-hand column, line 54 - 
page 3, left-hand column, line 10; figure 
3 

-/- 


1,4,5 
2.3,6 
7 

2 
3 




her documents are listed in the continuation of box C. )( | Patent faml, y members are listed in annex. 


• Special categories of cited documents : mym ^ document publishcQ aflcr the international filing date 

or priority date and not tn conflict with the application but 
*A" document denning the general state of the art which is not atc d to understand the principle or theory underlying the 

considered to be of particular relevance invention 
"E* earlier document but published on or after the international - x - document of particular relevance; the d aimed invention 

filing date cannot be considered novel or cannot be considered to 
*L" document which may throw doubts on priority daim(s) or involve an inventive step when the document is taken alone 

which is died to establish the publication date of another *y" document of particular relevance; the d aimed invention 

a tan on or other special reason (as specified) cannot be considered to involve an inventive step when the 
*0" document referring to an oral disclosure, use, exhibition or document is combined with one or more other such docu- 

other means ments, such combination being obvious to a person skilled 
-p* document published prior to the international filing date but in the art. 

later than the pnonty dale claimed *&* document member of the same patent family 


Date of the actual completion of the international search 

1 July 1997 


Date of mailing of the international search report 

0 9. G7. 97 


Name and mailing address of the ISA 

European Patent Office, P.B. 58 U PatenUaan 2 
NL • 22*0 HV Rijswijk 
Td. ( + 31-70) 340-2040, Tx. 31 651 cpo nl. 
Fax (+ 31-70) 340-3016 


Authorized officer 

Zanichelli, F 



Form PCT/tS A/210 (t«co»tf thmx) (July 1M2) 



page 1 of 2 



INTERNATIONAL SEARCH REPORT 



International Application No 

PCT/US 97/03949 



C.(Continuauon) DOCUMENTS CONSIDERED TO BE RELEVANT 



Category ' 



Citation of document, with indication, where appropriate, of the relevant passages 



A 
A 



FR 2 102 600 A (SOCIETE 0' ETUDES ET DE 
RECHERCHES MAGNETIQUES) 7 April 1972 
see page 2, line 25 - page 3, line 14; 
figure 1 

DE 925 414 C (BAERMANN) 21 March 1955 
see page 4, line 32 - line 43; figure 2 

US 5 051 638 A (PYLES NATHAN) 24 September 
1991 

see figures 3-5 

DE 16 13 022 A (BAERMANN) 23 December 1970 
see figures 

W0 94 28614 A (LAMB KARL J) 8 December 
1994 

cited in the application 
see figures 



1,5 

3 

3 
1 



Font. PCT/1SA/JI0 (conUagiuoo cl tecand iImm) (July 191) 



page 2 of 2 



INTERNATIONAL SEARCH REPORT 

Information on patent family member* 



International Application No 

PCT/US 97/03949 



Patent document 
cited in seaich report 



Publication 
date 



Patent family 
member(f) 



DE 



934296 C NONE 



FR 1505384 A 



22-02-68 



NL 6508252 A 
DE 1541145 A 
US 3442131 A 



FR 2102600 A 



07-04-72 



AT 
BE 
CA 
CS 
DE 
GB 
NL 
SE 



311136 A,B 
771097 A 
939718 A 
166030 B 

2139009 A 

1362423 

7110946 



A 
A 



372609 B 



DE 925414 C 
US 5051638 A 



NONE 



DE 1613022 A 
W0 9428614 A 



24-09-91 
23-12-70 
08-12-94 



NONE 
NONE 



US 
AU 
AU 
BR 
EP 
JP 
NO 
US 
US 



5477093 A 
678834 B 
6915594 
9406542 
0699358 
8510894 
954680 
5473209 
5477094 



Publication 
date . 



27-12-66 
09-10-69 
06-05-69 



15-09-73 
09-02-72 
08-01-74 
29-01-76 
17-02-72 
07-08-74 
15-02-72 
23-12-74 



19- 12-95 
12-06-97 

20- 12-94 
02-01-96 
06-03-96 
12-11-96 
20-11-95 
05-12-95 
19-12-95 



Form PCT/1S A/210 tP»u«* •»"•*» 



